
3

Phytosanitary condition and yield of wheat (Triticum aestivum) 
and einkorn wheat (Triticum monococcum) grown in organic 
and conventional farming systems  

Vasilina Maneva*, Dina Atanasova
Institute of Agriculture, 8400 Karnobat, Bulgaria
*E-mail: maneva_ento@abv.bg

Abstract
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and einkorn wheat (Triticum monococcum) grown in organic and conventional farming systems. 
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The experiment was conducted in the period 2013-2016 on the experimental fields of Institute of Agriculture 
in Karnobat, Bulgaria. Wheat and einkorn were grown in organic and conventional farming systems. The effect 
of the type of farming on the phytosanitary condition and the yield of the crops was studied and compared. After 
the experiments, it was established that einkorn wheat is more resistant to diseases, pests and weeds than wheat 
in both farming systems. Weed infestation in both crops was higher in organic farming and in wheat the density 
of the weeds was higher, too. Both crops had greater yield in conventional farming. The type of farming system 
used in growing the crops had a significant effect on the yield, with wheat being the more susceptible one.
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Cereals are some of the most widely distributed 
crops in Bulgaria. Besides growing them in conven-
tional farming systems, they are also major crops 
grown in organic farming. The use of organic farm-
ing systems requires sustainable methods (crop 
rotation, mechanical cultivation, maintaining soil 
fertility by means of green manure, organic pest 
control), which exclude the use of synthetic fertil-
izers, pesticides and growth regulators (Atanasova 
and Koteva, 2009; Bozhanova and Dechev, 2009; 
Atanasova et al., 2014; Seidel et al., 2017;  Shah et 
al., 2017). Hulled wheat species (einkorn, emmer, 
spelt) are presumed to be an alternative to bread 
wheat in organic agriculture since the yield pen-
alty is less pronounced under organic farming and 
generally higher prices can be achieved for spe-
cialty grains (Konvalina et al., 2014). Mäder et al. 
(2002), Seufert et al. (2012) and Ponisio et al. (2015) 
have found that crop yields are 20% lower in organ-
ic systems, although input of fertilizer and energy 
was reduced by 34 to 53% and pesticide input by 
97%. Romero et al. (2008) have found that organic 
practices produce an increase in weed cover, spe-

cies richness and Hill’s first order diversity (but not 
in equitability), as well as a shift in weed vegetation 
composition, which favoured potentially rare arable, 
broad-leaved, insect-pollinated and legume weeds. 
Weed diversity was concentrated in crop edges, es-
pecially in weed communities of conventional ce-
real fields, which were found to be more spatially 
heterogeneous than the organic ones.

The aim of this study was to report the effect of 
type of farming on the phytosanitary condition and 
yield of wheat and einkorn wheat.

MAteriAls AnD MethoDs

The experiment was conducted in the period 
2013-2016 on the experimental fields of the Institute 
of Agriculture in Karnobat. Wheat (Triticum aesti-
vum) variety Miryana and einkorn (Triticum mono-
coccum) (ancient wheat, local race) were grown in 
organic and conventional farming systems. The 
organic cultivation was performed on the certified 
field for organic farming at the Institute of Agricul-
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ture in Karnobat. Both farming systems had experi-
mental plots sown with wheat and einkorn in the 
size of 250 m2, in four replications, a total of 0.1 ha 
per crop. The size of the whole experimental plot 
was 0.4 ha. Sowing-time was the optimal period 
between September 20th and September 30th, wheat 
(Triticum aestivum) were sown at 550 seeds/m2 and 
einkorn (Triticum monococcum) at 450 seeds/m2, 
the predecessor was a mix of peas and sunflower, 
the fertilizer used was N10. 

In the conventional farming system, the crops 
were cultivated by the accepted standard technolo-
gies, including fertilization with N10 and spraying 
with pesticides (in the tillering phase of cereals - 
tribenuron methyl + fenoxaprop-P-ethyl and tebu-
conazole + spiroxamine + triadimenol). The organic 
farming does not employ any chemization and any 
fertilization. 

The phytosanitary condition of both crops was 
followed up in both farming systems and the yields 
obtained in the studied years were compared. 

The phytosanitary conditions were observed in 
the wheat and eincorn during April - May. Weeds 
were determined according to Delipavlov et al. 
(2003), number/m2. The aphid‘s population size was 
determined by direct measurement at 10 locations 
on 10 stalks of each crop (Dewar et al., 1982). Taxo-
nomic analyzes of the aphids are made according 
to Van Emden (1972) and Blackman and Eastop 
(2000). The state of the crops in terms of diseases 
was observed during the growing season. Read-

ings were carried out on the route method, via the 
plants (Stepanov and Chumakov, 1972; Krivchenko, 
1984).

The data was processed by analysis of variance 
(BIO program).

results AnD Discussion

The climate in Southeastern Bulgaria is transi-
tional continental with average annual rainfall of 549 
mm. Winter is comparatively warm, spring is short 
and cool, summer is hot and dry, autumn is long and 
warm. The studied period was marked by excessive 
rainfall and in the first year it was by 8% more than 
the multi-annual values, in the second – by 40%, in 
the third – by 30% more. Rainfall was unevenly dis-
tributed by months, but provided humidity during 
the specific periods and the conditions for growing 
cereal crops were favorable (Fig. 1).

The warm and wet weather during the three years 
of the study (Fig. 1) created favorable conditions for 
occurrence of diseases in wheat. As more suscep-
tible than einkorn wheat, diseases were found in it 
in both farming systems (Table 1).

Ustilago tritici was not found in the conventional 
farming system, probably due to decontamination 
of seeds whereas in organic farming uncontaminat-
ed seeds were used, which led to occurrence of the 
disease. In organic farming, Erysiphe graminis was 
not found in wheat in the three years of the study, 

 
Figure 1. Agrometeorological characterization of the study period
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which was probably due to the thinner crops and 
the inability to create suitable microclimate for its 
development. The thinner crops in organic farming 
were due to the smaller amount of nutrients in the 
soil and the weaker development of the plants. The 
established diseases were not above the economic 
threshold of damage in both farming types. 

The monitoring on einkorn wheat over the three 
years of the study has found no diseases in both 
farming systems, which supported the statement of 
Mamluk and Van Slageren (1993), Yao et al. (2007), 
Zhu et al. (2009) and Zaharieva and Monneveux 
(2014) that einkorn wheat is resistant to diseases.

In wheat pests were found in both farming sys-
tems (Table 2).

In the conventional farming system four pre-
dominant species of aphids were reported (Table 2), 
whereas in the organic system only Sitobion avenae 
L. was reported. Aphids probably prefer wheat in 
conventional farming due to the fact that it is fertil-
ized and its green mass is well developed and more 
attractive to them. Whereas the lower amount of nu-
trients in organic farming led to an early roughening 
of the plants and they become less attractive to the 
aphids. Eurygaster sp., Aelia sp. and Haplothrips 

tritici Kurd. were reported in wheat in both farming 
systems and their density was under the economic 
threshold of damage. 

The phytosanitary monitoring on einkorn wheat 
in both farming systems established no pests, 
which supported the statement of Mamluk and Van 
Slageren (1993), Yao et al. (2007), Zhu et al. (2009) 
and Zaharieva and Monneveux (2014) that einkorn 
wheat is resistant to pests.

The phytosanitary monitoring conducted to 
study the species composition of the weeds in wheat 
and einkorn wheat in the conventional and organic 
farming systems demonstrated that in autumn all 
the crops were infested by the ephemeral weeds (Ta-
bles 3, 4, 5). Winter/spring and early spring weeds 
were most widely observed in both farming systems 
(Tables 3, 4, 5). 

After the weeds were reported in spring it was 
established that the widest variety of weed species 
was observed in the organic system of crop cultiva-
tion and particularly in wheat – 15 species in 2014, 
10 in 2015 and 10 in 2016. The lowest species diver-
sity was observed in the conventional farming fields 
and particularly in wheat. This is due to the fact that 
after long-term application of herbicides, certain 

table 1. Species composition of diseases in wheat grown in two farming systems (2013-2016)
Disease Conventional farming  Organic farming Disease threshold

Ustilago tritici - + 5 spike/100 m2

Puccinia recondita + + 5% attacked leaves

Erysiphe graminis + - 10% attacked leaves

Septoria tritici + + 15% attacked plants
+ single plants

table 2. Species composition of pests in wheat grown in two farming systems (2013-2016)
Pests Conventional farming  Organic farming Pests threshold

Sitobion avenae L. + + 10 nb/plant

Schizaphis graminum Rond. + - 10 nb/plant

Rhopalosiphum maydis Fitch. + - 10 nb/plant

Rhopalosiphum padi L. + - 10 nb/plant

Eurygaster sp. + + 2-4 nb/m2

Aelia sp. + + 2-4 nb/m2

Haplothrips tritici Kurd. + + 10 nb/plant
+ single pests
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table 3. Species composition of weeds in wheat and einkorn wheat in both farming systems, 2014

Weeds 
Wheat Einkorn 

Conventional 
farming  

Organic 
farming

Conventional 
farming  

Organic 
farming

Anthemis arvensis L. 1 1 - -

Caucalis daucoides L. - 1 - -

Capsella bursa-pastoris (L.) Medic. 1 2 - -

Centaurea cyanus L. - 1 - -

Consolida regalis S.F. Gray. - 1 - -

Consolida orientalis L. 1 - - -

Papaver rhoeas L. 2 3 3 3

Polygonum convolvulus L. 3 4 - -

Polygonum aviculare L. 2 2 - -

Sinapis arvensis L. 2 2 2 2

Vicia hirsute (L.) S.F.Gray - 2 - -

Vicia striata M.B. - 2 - -

Veronica hederifolia L. 2 2 3 3

Viola tricolor L. 2 1 2 3

Avena spp. 1 1 - 1

Bromus ssp. 2 - - -

Hordeum murinum L. - 1 - -

All kinds of weeds 11 15 4 5

total weeds, nb/m2 19 26 10 12

table 4. Species composition of weeds in wheat and einkorn wheat in both farming systems, 2015

Weeds
Wheat Einkorn 

Conventional 
farming  

Organic 
farming

Conventional 
farming  

Organic 
farming

Anthemis arvensis L. 4 3 2 2

Caucalis daucoides L. - 1 - -

Consolida orientalisL. - 1 - -

Papaver rhoeas L. 4 4 2 2

Polygonum convolvulus L. 2 1 - -

Polygonum aviculare L. - 1 - -

Sinapis arvensis L. 2 2 1 1

Veronica hederifolia L. 2 2 3 2

Viola tricolor L. 2 2 2 2

Bromus ssp. - 1 - -
All kinds of weeds 6 10 5 5

total weeds, nb/m2 16 18 10 9
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weed species develop. The einkorn wheat crops in 
both farming systems were weed infested to a sig-
nificantly lower degree than wheat. The weed den-
sity was greatest in the organic cultivation of wheat 
– from 16 to 26 weeds/m2 (Tables 3, 4, 5).

After processing the data on the yield of wheat 
and einkorn wheat in the three years in both farm-

table 5. Species composition of weeds in wheat and einkorn wheat in both farming systems, 2016

Weeds
Wheat Einkorn 

Conventional 
farming  

Organic 
farming

Conventional 
farming  

Organic 
farming

Anthemisarvensis L. 3 - 1 -

Capsella bursa-pastoris (L.) Medic. - 1 - 1

Consolida orientalis L. 1 1 - 1

Papaver rhoeas L. 3 3 2 2

Polygonum convolvulus L. 1 1 - -

Polygonum aviculare L. - 1 - -

Sinapis arvensis L. 4 1 2 1

Veronica hederifolia L. 2 1 2 1

Viola tricolor L. 2 8 1 5

Avena spp. 2 2 - -

Bromus ssp. 1 1 - -
All kinds of weeds 9 10 5 6

total weeds, nb/m2 19 20 8 11

ing systems, it was established that it was higher in 
conventional farming and proven lower with 74.67% 
at Р5% in the organic system for einkorn wheat (Fig. 
2) and with 55.28% at Р0.1% for wheat (Fig. 3). 

The data analysis established that the main factor 
affecting the yield was the type of farming system – 
97.46% for einkorn wheat (Table 6) and 98.70% for 

Conventional 
farming 

2500 t/ha

Organic farming 

1866,7 t/ha

The differences are statistically significant at
Р5% = a ; Р 1% = b; Р 0,1% = c  

Figure 2. Average yield of einkorn, grown in two types of farming (2013-2016), t/ha
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wheat (Table 7). Considering that there is no devel-
opment above the threshold of diseases and pests, 
the yield is not influenced by pests.

conclusions

Einkorn wheat (Triticum monococcum) is more 
resistant to diseases, pests and weeds than wheat 
(Triticum aestivum) in both farming systems. Weed 
infestation in both crops is greater in organic farm-

Conventional 
farming

4360 t/ha

Organic 
farming

2410 t/ha - c

The differences are statistically significant at
Р5% = a ; Р 1% = b; Р 0,1% = c  

Figure 3. Average yield of wheat, grown in two types of farming (2013-2016), t/ha

table 6. Analyses of variance for grain yield of einkorn, grown in two types of farming
source of variation sQ DF η2 (%)

Total variation 6171.33 5

Years 4.33 2 0.07

Types of farming 6016.67 1 97.46

Accidental factors 152.33 2 2.47

table 7. Analyses of variance for grain yield of wheat, grown in two types of farming
source of variation sQ DF η2 (%)

Total variation 57791.50 5

Years 679 2 1.17

Types of farming 57037.5 1 98.70

Accidental factors 75 2 0.13

ing and the weed density is greater in wheat. Higher 
yields were obtained from both crops in conven-
tional farming. The type of farming system used 
in cultivating the crops has a significant effect on 
yield, with wheat being the more susceptible one.
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